Abstract: Data on infiltrative hepatocellular carcinoma (iHCC) receiving hepatectomy are unclear. Our study assessed the outcomes, effects of anatomical resection, and prognostic factors in a cohort of Chinese patients with iHCC undergoing hepatectomy.
INTRODUCTION
W orldwide, hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of cancer-related deaths. 1 Heterogeneity of HCC is not only due to the variables determining the stage (tumor burden and liver function) but also the gross morphologic features of the tumor, which is not included in the staging systems. 2, 3 HCC can present with different morphological subtypes, including single nodular type, single nodular type with extranodular growth, confluent multinodular type, and infiltrative type. 4 In Chinese patients with solitary HCC, the infiltrative type accounted for a much higher proportion than other regions of the world. Infiltrative HCC (iHCC) had higher serum alphafetoprotein (AFP) level, hepatitis B virus (HBV) infection, and microvascular invasion (MVI) rates with poorer prognosis than other 3 types. 5 Radiographically, iHCC has indistinct borders, a lack of typical enhancement pattern seen in solitary HCC. 6, 7 Previous studies focused on iHCC were from a cohort of patients at advanced and late stages treated with transarterial chemoembolization (TACE), sorafenib, or supportive care. [8] [9] [10] Treatment options for patients with iHCC are more limited and remain poorly defined against patients at early and intermediate stages. On the basis of the Hong Kong Liver Cancer (HKLC) staging system, which was more suitable for predicting prognosis in a cohort of Chinese HCC patients, resection is a treatment option for patients at early and intermediate stages. 11 Data on the presentation and outcome of patients with iHCC are not well characterized. In addition, the style of resection may also play a pivotal role in the prognosis of iHCC patients.
The primary aim of the current study was to assess the outcomes, effects of anatomical resection, and prognostic factors in a cohort of Chinese patients with iHCC undergoing hepatectomy. We also sought to deeply evaluate the demographic and clinical characteristics of iHCC.
METHODS

Ethics Statement
This study has been performed in accordance with the ethical standards of the responsible institutional committee on human experimentation and with the 1975 Declaration of Helsinki, as revised in 1983. For this type of study, formal consent is not required.
Patients
This is a retrospective study of a cohort of 47 patients with iHCC undergoing hepatectomy between January 2003 and December 2012 in the Department of Hepatopancreatobiliary Surgery of Drum Tower Hospital. Cases of iHCC were identified by a pathological review (Figure 1 ). Color photographs of the resected liver specimens were reviewed according to the largest cross-section of the tumor. iHCC type was determined by 3 reviewers (1 pathologist, 1 radiologist, and 1 surgeon) who were blind to the clinical and pathological data. Disagreement in diagnosing iHCC was resolved by consensus review. Clear agreement on the identification of iHCC was established in 58 patients. Eleven patients who were lost to follow-up were then excluded. The final cohort consisted of 47 patients.
Data Collection
The variables collected for analysis included patient demographics (age, gender), serum laboratory data [alanine aminotransferase (ALT), aspartate aminotransferase (AST), and so on], tumor characteristics (tumor numbers, tumor size, vascular invasion, and so on), portal hypertension (gastroesophageal varices, splenomegaly with a platelet count of less than 100 000/mL, ascites), surgical data (surgical procedure, type of resection, surgical margin, and so on), and pathological data (histological grade, MVI, T category). MELD score, Eastern Cooperative Oncology Group (ECOG) performance status, and ICG retention rate in 15 minutes (R15) were also recorded.
The overall survival (OS) time was defined as the time from the date surgery started to the date of death or last contact for surviving patients. The recurrence-free survival (RFS) was defined as the duration from the date of surgery to the date of recurrence, or to the date of the last follow-up.
Statistical Analysis
Median values were used to describe continuous data, with categorical variables displayed as frequencies and percentages. OS and RFS were calculated by the Kaplan-Meier method, and curves were compared by the log-rank test. Prognostic factors associated with OS and RFS were identified by the Cox proportional hazard model. The correlation between clinicopathologic factors and the degree of MVI was analyzed by the x 2 test, Student t test, or the Mann-Whitney U test, where appropriate. Statistical analyses were carried out using SPSS software, version 19.0 (SPSS, IBM).
RESULTS
Patient Characteristics
The clinicopathologic features and tumor characteristics are summarized in Table 1 . Of the 47 patients, 38 (80.9%) were men; the median age was 51 years (range, 22-73 yrs). HBV was the most common etiology (95.7%). The median MELD score was 7.0 (range, 6.0-12.0) with most patients presenting with an ECOG of 0 (85.1%). All the patients in this study were classified as Child's class A. The median AFP level was 315.2 ng/mL 
Surgical Characteristics
Among these iHCC patients, 22 patients received anatomic resection and others underwent nonanatomic resection. Hepatic portal occlusion was given to 33 patients with a median occlusion time of 30 minutes (range, 0-150 min). The overall median operation time was 260 minutes (range, 90-510 min) and the surgical margin was gauged with a median result of 0.5 cm (range, 0-3.0 cm). Median bleeding volume and transfusion volume were 400 mL (range, 0-2500 mL) and 0 mL (range, 0-1925 mL), respectively.
Pathological Characteristics
Using the modified Edmondson classification, 12 4 (8.5%) patients were characterized as poorly differentiated, 39 (83.0%) were moderately differentiated, and 4 (8.5%) were well differentiated. In addition, patients with iHCC more commonly had 
Predictors of Death and Recurrence
Independent predictors for OS and RFS identified through univariate and multivariate analysis are illustrated in Tables 2 and  3 . On univariate analysis, the following covariates were predictive of death: ECOG, lactate dehydrogenase (LDH), tumor size, vascular invasion, extrahepatic spread, surgical procedure, histological grade, and T category. In the multivariate analysis, independent predictors of death were ECOG (P < 0.001), LDH level (P ¼ 0.001), and T category (P ¼ 0.003). With respect to RFS, univariate analysis identified 10 prognostic factors, including ECOG, LDH, DB, tumor size, vascular invasion, extrahepatic spread, surgical procedure, type of resection, MVI, and T category. Among them, ECOG (P ¼ 0.018), LDH level (P ¼ 0.001), vascular invasion (P ¼ 0.036), surgical procedure (P ¼ 0.004), and MVI (P ¼ 0.027) were observed as independent risk factors of recurrence. 
Correlations Between Classification of MVI and Clinicopathological Factors
On the basis of the previous classification of MVI, 13,14 all patients with MVI were divided into either a mild MVI group or a severe MVI group. MVI classification was defined as follows: mild MVI group: number of vessels invaded 5 and furthest distance on invasion from the tumor capsule 1 cm; severe MVI group: number of vessels invaded >5 or furthest distance on invasion from the tumor capsule >1 cm. The relationship between the degree of MVI and clinicopathological characteristics is summarized in Table 4 . The levels of AST, GGT, and LDH in the severe MVI group were significantly higher than those in the mild MVI group (P ¼ 0.006, 0.024, and 0.043, respectively).
Comparisons of OS and RFS Rates According to LDH level, Surgical Procedure, and MVI
Overall, Kaplan-Meier curve analysis revealed that anatomic resection was significantly associated with increased RFS (P ¼ 0.007). A high LDH level was significantly associated with decreased OS and RFS (P ¼ 0.003 and P ¼ 0.020, respectively).
Patients showing MVI were observed with decreased RFS especially in the severe MVI group (P < 0.001) (Figure 2A-D) . Subgroup analysis was performed according to LDH level (cutoff value ¼ 174 determined by ROC curve for RFS). In patients with a high LDH level, severe MVI was associated with inferior RFS (P ¼ 0.019) (Figure 3 ). However, no significant difference was observed between mild and severe MVI for RFS in patients with low LDH level (P ¼ 0.899).
DISCUSSION
Recent studies referred to iHCC mainly focus on patients at advanced and late stages treated with TACE, sorafenib, or supportive care. However, almost no surgical series have been reported in iHCC patients at a relatively early stage. In this study, a cohort of Chinese patients with iHCC were selected to investigate the clinical, surgical, and pathological features, and assess the outcomes, effects of anatomical resection, and prognostic factors associated with OS and RFS.
With regard to the clinical characteristics, iHCC is reported to be commonly associated with HBV infection and markedly elevated AFP values (>10,000 ng/mL). 15 Our data consisted of only 2 patients whose etiologic factor was not HBV infection. Similar to the study by Benvegnu et al 16 and He et al, 5 we may deduce that iHCC is characterized by a much higher HBV infection rate. Although iHCC patients may present with a significant high AFP level, it is reported that AFP serum level measurement has poor accuracy for diagnosis of HCC. 17 Our cohort showed that 57.4% of iHCC patients had mildly elevated AFP (<400 ng/mL) levels and only 10.6% presented with an AFP of >10,000 ng/mL. As serum AFP concentration did not remain predictors of OS and RFS in our study, this factor may not be strongly related to prognosis of iHCC patients and seems not to be considered as 1 trait of iHCC. As iHCC patients have a poorer treatment prognosis than radiographically measureable HCC with available therapies, 5, 18 staging before treatment may be more emphasized to decide optimal treatment strategies. Proper therapies should be managed according to staging systems especially for the HKLC classification for HBV-related iHCC. Because most studies were enrolling iHCC patients who had advanced or late stages (e.g., BCLC stage C or D) with diffuse disease and associated major vascular invasion, 6, 8, 19 resection for these patients was sure to be limited. It is questionable whether patients with iHCC at early or intermediate stages can survive after resection. In this study, our cohort included 66.0% of iHCC patients at stages (HKLC stage I and IIb) in which resection is recommended as the optimal treatment. Prognosis following surgical resection was 32.8% for the 5-year OS rate, which is superior to other reports. 9, 20, 21 This is mainly because of the patient selection criteria in our study and also the surgical procedure used. By Cox univariate analysis for OS, surgical procedure was shown to be significant prognostic factors, with a P value of 0.021. Univariate analysis revealed that patients with anatomic resection had significantly better OS and RFS than those with nonanatomic resection. On multivariate analysis, surgical procedure remained an independent prognostic marker for RFS throughout the cohort.
Anatomic resection was defined as resection of the tumor together with the related portal vein branches and the corresponding hepatic territory. 22 It was able to ensure the negative surgical margin and decrease the intrahepatic spread of the tumor after reforming our operation skill (Figure 1 ). Previous study also revealed that precise hemihepatectomy guided by middle hepatic vein resulted in fewer incidences of postoperative complications and had the potential to achieve more adequate tumor-free resection margin, which may result in higher tumor-free survival rate. 23 In patients with HCC nodules equal to or less than 3 cm and with the nonboundary type, anatomic resection should be employed to the extent that liver function allows, because this procedure would be more favorable than nonanatomic resection in eradicating micrometastases that have extended away from the tumor's margin. 24 That is to say, resection, especially the anatomic resection, may be more applicable for patients with iHCC at early and intermediate stages. Another treatment option that is recommended in the HKLC staging system for patients at stage I and IIa was liver transplantation. However, a high rate of MVI and propensity for early recurrence may prevent this therapy giving superior results to surgical resection in iHCC patients. As there are no relevant reports about prognosis of liver transplantation in iHCC patients, comparison of anatomic resection and liver transplantation will be accomplished in our future studies.
In addition to anatomic resection, MVI was also found to be a significantly independent predictor of RFS. Several studies have demonstrated that the majority of patients with iHCC have extensive tumor burden as well as vascular invasion. 6, 8 Frequent presence of macrovascular invasion is most likely secondary to advanced tumor stage in iHCC. However, the importance of MVI in iHCC has not been fully elucidated. Our previous study demonstrated the higher MVI rate of infiltrative type than the other gross types of HCC. 5 Multivariate analyses indicated that the presence of MVI was a significantly independent predictor of inferior RFS (P ¼ 0.027). With the high MVI rate in iHCC patients, the relationship between MVI and prognosis of iHCC patients should be drawn more attention. As previously stated, the presence of MVI was shown to lead to a high frequency of recurrence in iHCC after liver resection. Moreover, prevention of early recurrence of iHCC patients with MVI is the most important strategy for improving long-term survival after curative resection; unfortunately, no adjuvant therapy has been reported to show a beneficial survival. As the only standard systemic treatment capable of improving patient survival, sorafenib may act as an adjuvant treatment option to the iHCC patients with MVI. Although the recommendation of the use of sorafenib as adjuvant therapy in HCC patients after resection was seen as a disappointing consequence, 25 the utility of sorafenib in iHCC patients is unclear. The time point for the use of sorafenib in iHCC patients at early or intermediate stages after resection is still controversial. With respect to iHCC patients undergoing hepatectomy, it needs to clarify whether sorafenib is a proper adjuvant therapy to reduce early recurrence and experience a better survival. 26, 27 Future randomized controlled trials (RCTs) should be performed to demonstrate the effectiveness of this combination therapy.
Of note, ECOG and LDH were the only 2 preoperative predictors of both OS and RFS. Interestingly, high LDH level was identified associated with decreased OS and RFS in our cohort of iHCC patients. Up to now, the biological link between LDH, hypoxia, and the tumor-driven angiogenesis pathway through the abnormal activation of the hypoxia-inducible factor 1 (HIF-1a) is well established. 28 Furthermore, LDHA plays an important role in metastasis as well as in HCC tumor growth. 29 Therefore, elevated serum LDH level may not only represent tumor hypoxia and/or angiogenesis but also be present along with abnormal activation of the oncogenic pathways. An increased LDH reflects an oncogenic status that favors tumor progression and impairs host immune surveillance, both of which are associated with poor oncologic outcome.
30 Preoperative high LDH level was also significantly correlated with the severe degree of MVI and the poor outcome in iHCC patient. Therefore, LDH level together with MVI were shown to influence the RFS. As the role of serum LDH levels in predicting global outcome in HCC patients treated with sorafenib has been revealed, 31 the application of sorafenib as adjuvant therapy following hepatectomy in iHCC patients with high LDH level and severe MVI will be possible.
The current study has several limitations. This was a single-center study and only able to identify 47 patients with iHCC undergoing hepatectomy. Because of the relatively small number of patients with iHCC selected for this study, there were limitations with regard to statistical modeling and power. Besides, not all the iHCC patients in our study were at stages (HKLC stage I to IIb) in which resection is recommended as optimal treatment. In our future prospective and multicenter study, more iHCC patients at early and intermediate stages undergoing hepatectomy will be enrolled to reduce the potential bias.
In summary, iHCC patients are related with a higher MVI rate and patients at early and intermediate stages (HKLC stage I to IIb) may still derive survival benefit from anatomic resection that could eradicate MVI as much as possible. MVI classification could be used to identify iHCC patients with a poorer survival, especially those with a high preoperative LDH level, which may guide postoperative adjuvant therapy.
